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Cnmprulhn  of  Ihr  Vapour  and  Li,,u,d  phase,  of  the  .Sv 
Methane- Silronen* 


Item 


By  r.xPTA.N  H.  A.  M.  Ta..<;.kt  ami  Mh.  K.  Kowak....  M..\..  H  S  . 
Prmntid  l,v  I'Kon  >M,K  J.  C.  M,  liw  ,^.  p.^  ^ 

iRciKl  M.iy  Mrcling,  I0|<>.) 

uJ'  i"7eS:"f  v'     '''''«''""■""•"'  ''  T-"F--«""-       '    Case. 

6    The  OvltH  M      "".     •  '  "■""'''  ^^■-^'■"'-"  "f  A,.paratu.. 

o.    inc  (ryoMtat.     7.  M..,„pulati,.P.     «.   Results.     9.  Summary. 

Ktrodi  (  TIOV 

and  Its  separafon  at  present  is  l,einK  efffct.-.!  in  a  simil.r  wav   J--' 
by  the  meth,Kl  of  liquefaction  an.l  rectification  ''  " 

There  m  this  difference,  however,  that  while  argon  is  recovered  as 
a  by-product  m  a  very  important  industry,  m..-  the  manX^e  o 
oxygen  and  nitrogen  from   the  air.  the  iparati,,,,  of  he  u,       om 
m  tural  gases  ,9  l,eing  carried  out  for  its  own  sak..     Thl 
siderably  to  the  cost  of  pr.luction.  a  coJt  w'hTh  mi  ht  ^.'  X  did 

A   detailed  examination   of   the  conditions  under  which   these 
«.se«  hc^efy    ught  to  give  useful  information  in  this  direction 

elfr*  V-,     ,ng  helium  to  any  extent  are  found  to  contain  as  the 
nts    1,  tthane  and  nitrogen.     For  example,  a  well  in 
yields  a  gas  of  the  following  composition : 
:  CH^,  52  OS":  Hydrocarfxms.    12-3%;  CO,,  0-8%; 

^       ^'^Hlta  (  anada,  has: 

11%:  CO,   OF-  ;  0„  or; ;  He.,  O-^^^l 
•.e  system  dU-N  was  chosen  for  preliminary 
...fmg  points  a^ atmospheric  pussure  of  various 

^  Prcrfes«,r  J.  C.  Md.ennanTF.R.s:.  by^mi,,ion"of"th; 

Sec.  III.  Sig.  S 
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<•  THK  ROVAI    MKIKTY  OF  CANADA 

mixtum  with  the  compotition  ot  th«  vapour  and  liquid  phaiM  an 
now  given  in  thit  paper. 

MlASURBMBNT  OF  TeMPSRATURB 

Teinp«>raturef  were  measured  by  meant  of  a  Cu-Contt.  thermo- 
couple, th  E.M.F.  being  read  on  a  ilide  \  n  potentiometer.  An 
accumulator  wa«  uied  at  a  nurce  of  electric  lupply  and  a  Weston  ceil 
aa  a  itandard. 

The  fixed  points  cho».  .  for  calibration  were': 

Boiling  point  of  Nitrogen    77.3  aba. 

"  "     «  Oxygen       900  « 

•  "     "   Methane  109  0  • 

at  atmoapheric  pt<  ^ure.    The  reference  junction  of  the  ther    ■     aple 

was  kept  in  melting  ice. 

Variations  in  the  E.M.F.  of  the  accumulator  were  cor  .  xt  by 
frequent  comparison  with  the  Weston  stand»rd. 

Ga5E»  U4BD 

The  Methane,  oxygen  and  nitrogen  used  were  all  obtained  com- 
mercially. 

Methane 

This  was  obtained  from  Messrs.  Insoles,  Cymmt:r  Collieries, 
Forth,  Wales,  and  had  a  purity  of  95%  to  97%.  The  impurities, 
carbon  dicMide,  oxygen,  nitrogen  and  hydrogen  were  removed  by 
absorption  and  liquefaction  followed  by  fractional  distillation. 


Nitrogen 

This  was  supplied  by  the  British  xygen  Company  from  their 
Birmingham  Works,  and  was  fairly  pu  Any  carbon  I'.ioxide  present 
was  absor'ued  in  potassium  hydroxid  .olution  and  the  remainder 
liquefied.    It  was  found  to  boil  away  at  a  fairly  constant  tem(>erature. 

These  gases  were  stored  separately  in  aspirator  bottles  over  boiled 
water  containing  caustic  soda  in  solution.  These  bottles  were  gradua- 
ted roughly  in  half-litres.  When  a  mixture  was  to  be  made,  the  two 
gases  were  admitted  to  the  cryostat  i»  the  proportions  desired,  approxi- 
mately, and  liquefied. 

This  mixture,  after  a  reading  of  it  was  taken,  was  stored  in  a 
third  bottle  and  reserved  for  making  other  mixtures. 

No  atten-pt  was  made  to  prepare  mixtures  of  a  known  composition 
but  merely  to  obtain  mixtures  in  sufficient  variety  for  the  purpose. 

'  Kay«  and  Laby'e,  Phyi.  and  Chem.  Conatanti. 
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Oxygen 
allowed  to  boiCrSl  the  temr^/^'^^IL?^  ^  sample  we. 
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Analyses 


The  composition  of  any  sample  of  methane-nitrogen  was  deter 

difference.    The  apparatus  used  was  of  the  Rurr^w  r  i     •  ' 

A  sketch  is  here  attached.  Fig   Tsl  owin.^ho         k  'T  '^'^^ 

K-HH  oK        ^-  •  **■     '  **'**^wnK  the  combustion  chamber 

KOH  absorption  pipette  and   the  measuring  burette      Thi.T  T 
could  be  read  to  hundredths  of  a  cc.  ''*"'"'■ 

General  Description*  of  Apparatis 

m.^'^'  ^  ^a""^-^  '"  '''^^''*'"  *''*^  ^''•^"''^'  features.  The  mixtures  of 
methane  and  nitrogen  were  liquefied  in  a  tube  surrounded  by  a  bath 
of  liquid  oxygen.  This  part  of  the  apparatus  is  shown  nteentre  of 
the  diagram  and  may  be  referred  to  as  the  crvost-, t     Thl       ! 

closed  by  screw  clips.    These  are  shown  at  L,  M,  N   P,  R  S 

The  Cryostat 
This  is  shown  in  detail  in  Fio-    ?        Th^  v.       c  •  ,      , 

dosed  by  a  rubber  stopper  t"hri^.hicri::rt;;,"Vu^:    l^^ 

ga  XL^Sfa'ciot  ".T"  "j"^ '''  ^^"^'^^'■-  -  withdrr::rof 

Dhas^Tthis  H.  '^P'"^'^,^"be  used  to  withdraw  samples  of  the  liquid 
^ube  fo  L'r'  ""''  "T^  ^y  '^^'^•'  Phil.  Mag.  49.  517,  IQOO),  (rf)  a 
tube  for  the  hermocouple  wires-one  wire  running  down  in  de  it 
the  other  outside-  .)  a  tube  closed  outside  by  a  shor^  length  of  rubbe; 

s^thrugh^  t^' rZ:r^'-^  ''---^  ^^'  -'■-'  -'^  -  ^-^t 

The  vacuum  flask  holding  the  bath  of  liquid  o.xygen  had  cart  of 

TrZr^^l  "?^*  ^"^^  P^°^-^^  «f  liquefaction  could  b^elee 
tubeT.f.  u      ''"''^  ^^  "  '■"*'''^'"  ^*"PP^^  ^"d  connected  by  the 

tube  (g)  to  an  exhaust  pump.    By  reducing  the  pressure  to  5  cms  of 

Th  prL'u  rnTr  °'  7'''^""  '°"^^  ~"^  easilyUeaehe^' 
ine  pressures  in  the  liquefying  tube  and  in  the  vacuum  flask  werP 
observed  on  simple  mercur>-  manometer  columns. 

Ma.mpulatiox 
order"of'T'"L°"*  '"  ^''P^nment  with  any  mixture  the  following 
exhausted  through  (6),  the  vacuum  flask  being  removed.    The  storage 
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bottle  containing  the  mixture  was  then  connected  to  (h)  and  the 
vacuu,u  flask  w.th  the  bath  ..f  liquid  oxygen  placed  in  po  ition.    The 
temperature  of  the  bath  was  then  lowered  if  necessary  bv  exhaust  ng 
through  to.     The  liquefaction  of  any    mixture    tZk    place    quite 
readdy  when  the  temperature  of  the  bath  was  kept  about  5»C.  below 
he  bodmg  point  of  the  mixture.     When  7  or  8  litres  had  liquefied 
the  flow  was  stopped  and  the  vapour  pressure  allowea  to  rise  to  1 
a  mosphere.    Th.s  was  done  by  raising  the  temperature  of  the  bath 
or.  m  some  cases,  by  lowering  the  bath.    While  the  vapour  pressure 
was  kept  at  1  atmosphere  samples  of  both  phases  were  taken    the 
first  portion  drawn  off  being  rejected  in  each  case.    The  liquid  was  kept 
d^oroughly  sfrred  to  avoid  any  superheating  and  to  ensure  as  com- 
plete  an  equilibrium  as  possible  bet\veen  the  two  phases. 

Results 
The  experimental  results  are  given  in  Table  I. 
Table  I 


Temp,  (abs.) 


84-5 

88-0 

95-5 

980 

100-5 

104.5 

106  5 


%  CH. 
in  liquid  phase 


3i-2 
490 
72-2 
82-2 
80-9 
92-9 
94-9 


%  CH, 
in  vapour  phase 


14-8 

24-6 

43-4 

49.3 

594 

67-3 

87-1 

These  numbers  are  shown  graphically  in  Fig.  4    which    consti- 
tutes a  temperature-composition  diagram. 

ti,  .^"r  fu^'  ^  ^^^  composition  of  the  liquid  phase  is  plotted  against 
that  of  the  vapour  phase,  a  few  additional  observations  being  added 
tor  which  temperatures  were  not  determined. 

From  this  curve  the  relation : 


f        I 


where 


r  =  the  ratio. 


logr'  =  a-fb  logr 
%  Methane 


Nitrogen 


in  liquid 


I 


..  w^  -*;. 


64 


THE  ROVAL  SOCIETY  OF  CANADA 


uu 

rtfn 

— -^ 

-7^ 

fOfl 

..    ^ 

^ 

^^^ 

y" 

v*j 

■^ 

/ 

y- — 

• 

90 

i 

^4~ 

^ 

X. 

^»* 

s, 

-/ 

^ 

.  ^ 

^. 

:••" 

Bo 

-./ 

/ 

^ 

1 

^ 

70 

tt 

r. 

Met 

hunt 

'/. 

r  =the  ratio, 


70  90         90        too 

%  Methane 


in  vapour 

%  Nitrogen 

was  found  to  hold  very  approximately,  the  constants  in  this  case  being : 

a=  -0-47 
b=  +0-85 

as  obtained  from  the  graph. 

This  relation  waj  used  to  obtain  a  more  complete  and  smoother 
series  of  results.  The  corresponding  temperatures  were  taken  from  the 
temperature  composition  diagram.  Such  a  series  (proceeding  by  two- 
degree  intervals)  is  given  in  Table  II. 
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Tabie  II 


Temp,  (ab^.) 


/<    Methane  in  liquid 


109» 
108 
106 
10* 
102 
100 
98 
96 
94 
92 
90 
S8 
86 
84 
82 
80 
78 
77.3 


,(  Methane  in  vapour 


98-4 
94-8 
90-5 
860 
81-6 
77-0 
72-4 
66-6 
61  0 
54-2 
470 
39-4 
30-6 
22-2 
130 
3-4 
0- 


100 
92  0 
80(1 
60.6 
61-6 
54-5 

48.; 

43  •  ,S 
37-6 
33-0 
28.0 
2i-?, 
19-1) 
14-4 
lO-O 
60 
1-5 
0- 


I 


ii 


**  T'IF.  ROYAI.  SOCIKTV  OF  (AN  A  DA 

Summary 

The  temperature-composition  diagram  for  the  system  methane- 
nitrogen  at  atmospheric  pressure  has  been  worked  out  and  the  con- 
stants in  the  formula— 

log  r'=a-fb  log  r 
determined. 

It  may  be  ad.Jc.i  in  conclusion  that  though  exceptional  accuracy 
1.  not  claimed  for  these  results  yet  it  is  believed  that  they  are  fairly 
correct.  ^ 

Admiralty  Physical  Laboratory, 
South  Kensington, 

12th  April,  1919. 


UlllVERSITV  OF  TORONTO  STUDIES 

PAfBH«   FROM   THE    PHYSICAL   LABORATORIES 


.  „  Jh'."?'!*"  ''rom  the  Phynical  LnbomforiM",  iwued  •»  «  iprcial  geriM 
or  Univerwly  ol  Toronto  Studies,  dale  froiti  the  year  iqoo.  No».  117  were 
publuhed  bjr  the  Physical  Department  in  a  very  limited  edition  and  are  no  lonirer 
in  print.  For  the  sake  of  a  complete  record  the  numbering  of  the  I'aiwrs  \n 
formmjr  a  Mnes  o(  University  of  Toronto  Studies,  is  made  continuous  with  the 
earlier  nenes  and  commences  with  No.  18.  The  earlier  numbers  are  not  now 
available  either  foi  lale  or  );ifl. 

No.  41  :  The  intensity  of  the  earth's  penetraiinj,'  radiation  at 

difTerent  altitudes  and  a  secondary  radiation  excited  bv 

it,  by  Professor  J.  C.  McLennan  and  E.  N.  Macmj.i  m  0.25 
No.  43  :  On  the  relation  between  the  adiabatic  and  isothermal 

Young  s  .noduli  of  .petals,  by   K.  F.   Oi  kto\ 0.2- 

No.  43:  On  the  rotatory  dispersion  of  quartz,  by  H.  F.  Dawej;  0.2s 
No.  44:  On  the  mobilities  of  ions  in  gases  at  high  pressures, 

by  A.  J.  Dempster .0.2- 

No.  45  :   Measurements  of  precision  on  the  penetrating  radiation 

from  the  earth,  by  Arthur  Thomson    o..>  = 

No.  46:  On  the  numtier  of  delta  particle-;  expelled  concurrently 

with  each  alpha  particle  emitted  by  polonium,  by  VV.  T. 

KENNEoy .0.2- 

No.  47  :  On  the  mobilities  of  ion^  in  air  at  high  pressures,  by 

Piofessor  J.   C.  McLe.vna.n  and  David  A.   Keys   .  .'.  0.2^ 
No.  48:  On  the  absorption  spectra  of  mercury,  cadmium,  zinc, 

and    other    metallic    vapours,     by     Professor    J.     C", 

McLennan  and  Evan  EinvARns  

No.  49:  On  the  infra-red   emission    spectrum  of  the  mercury 

arc,  by  Professor  J.  C.  McLennan  and  Raymond  C. 

Dearls 

No.  50  :  On  the  ionisation  tracks  of  alpha  rays  in  hydrogen, 
by  Professor  J.  C.  McLennan  and  H.  N.  Merckk 

No.  51  :  On  the  delta  rays  emitted  by  zinc  when  bombarded  hy 
alpha  rays,  by  Professor  ]'.  C.  McLennan  and  C.  G. 
Found 

No.  52  :  On  tho  ultra-violet  spectrum  of  elementary  silicon  by 

Professor  J.  C.  McLennan  and  Evan  Edwards 

No.  S3  :  '^  1  the  ionisation  potentials  of  magnesium  and  other 

metals,  and  on  their  absorption  spectra,   by  Professor 

J.  C.   McLennan- 

No.  s-", :  On  the  Bunsen  flame  spectra  of  metallic  vapours,  by 

Profes.JorJ.  C.   McLennan  and   Anprew  Thcmsi-v.. 
No.  55 :  On  the  ionisation  of  metallic  vapours   in  flames,    by 

Professor  J.  C.  McLennan  and  David  A.  Keys 

No.  56  :  Emission  and  absorption  in  the  infra-red  spectrum  of 

mercury,  by  Raymond  C.   Dearlb o, 

No.  57:  Some  experiments   ou   residual  ionization,  by  K.   H. 

KiNGDCN „ 


,"o 


o  50 


0.2.; 


No 

.S« 

No 

.V» 

No 

IK) 

No 

()l 

No. 

(>i 

No. 

"J 

No. 

64 

No. 

'•.s 

No. 

66 

No. 

fty 

No. 

68 

No. 

69 

No. 

70 

lmm(s  formation  b)  Cryitallint  mediH,  bj  H.  F.  Dawu.  0.35 

Periodic  precipitation,  by  Miia  A.   W.   Fimtmi 0.15 

Ke^'ulariliea  in  the  spectra  of  l«uU  and  tin,  bv  R.   V. 

Zl'MNTIIN     

New  lintN  in  th«  cKtreme  ultra-violet  of  ctrtain  mauls, 
hy  D.  S.  AiNMLin  and  I>.  S.  Fillkii    a 


o-aj 


'5 


0.J5 


:  Th«  ab"  ntion  of  helium  by  charcoal,  by  Stuart 
McLeA^     

:  On  the  abHorption  spectra  of  thullium,  aluminium,  lead 
aiKl  till,  und  arsenic,  by  J.  C.  MiLimnan,  J.  F.  T. 
VoLsii,  and  H.  J.  C.  Inkto.s o.as 

:  On  the  optical  transparency  of  certain  speci.nens  of 
fluorite,  by  J.  F.  T.  YouNo  and  H.  J.  C.  Imiton aas 

;  The  use  of  the  Jamin  Interferometer  for  the  estimation 
of  small  amounts  of  helium  or  hydro|{en  in  air,  by  J.  C. 
.Ml  Lk.nnan  and  R.  T.  Ei.wokthv 0.35 

:  The  estimation  of  the  helium  content  of  mixtures  of 
jfases  by  the  use  of  a  Katharometer,  by  V.  F.  Murrav  0.35 
The  p..-miability  of  balloon  fabrics  to  hydro|;en  and  to 

helium,  by  R.  T.  Eluortiiv  and  V.  F.  Murray 0.35 

A  continuous  flow  app.iratus  for  the  purification  of 
impure  helium  mixtures,  by  E.   Edwards  and  R.  T. 

KlWORTIIV Q,2K 

The  production  of  helium  from  the  natural  ifates  of 

Canada,  by  J.  C.  McLbnnan 0.35 

Composition  of  the  vapour  and  liquid  phases  of  the 
system  methane-nitrogen,  by  H.  A.  McTaooart  and 
E.  Edwards (j,j. 


*^m§ 


-S^-r  -clinBk*  n-mim   ». 


